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one was isolated from the leaves of Syzygium lineare. The insecticidal activity of the compound
was assessed against fourth instar larvae of Spodoptera litura. Its activity was better than the posi-
tive control azadirachtin. The compound was responsible for growth inhibition on S. litura. It
induced larval, pupal and adult deformities even at low concentration. The compound may be use-
ful as a botanical pesticide.
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In recent years, the use of synthetic organic insecticides in crop
insect pest management programmes around the world hasnt of Zoology, Arignar Anna
201, Tamilnadu, India. Tel.:
66.
A. Jeyasankar).
y. Production and hosting by
Saud University.
lsevierresulted in damage to the environment, pest resurgence, pest
resistance to insecticides and lethal effects on non-target
organisms. Due to these impacts of chemical insecticides
prompted search for alternate techniques for insect pest man-
agement arises (Isman, 1995; Abudulai et al., 2001). Plant
derivatives are highly toxic to many insect species without
being phytotoxic (Schmutterer, 1992). More than 2000 plant
species are known to possess some insecticidal properties
(Klocke, 1989). Syzygium lineare (Myrtaceae) is a small tree
with white ﬂowers distributed in Tirunelveli hills of Western
Ghats, Tamil Nadu, India (Manickam et al., 2004). The leaf
powder is used for body cooling and the paste of the fruit is
used for increasing stamina. Spodoptera litura is an economi-
cally important polyphagous pest in India, China and Japan,
causing considerable economic loss to many vegetable and
ﬁeld crops. Crop loss due to insect pests varies between 10%
and 30% for major crops (Ferry et al., 2004). This study is
the ﬁrst report on the insecticidal activity of S. lineare leaves
330 A. Jeyasankar et al.chemical compound against S. litura. We report the isolation
and structural elucidation of an insecticidal compound 2,3-
diacetoxy-2-benzyl-4,4,6,6-tetramethyl-1,3-cyclohexanedione
from S. lineare leaves and its insecticidal activity.
2. Materials and methods
2.1. Plant materials
The leaves of Syzygium lineare were collected from Kalakad
Mundanthurai Tiger Reserve Forest, Western Ghats of
Tamil Nadu, India. Plant specimen was identiﬁed by Dr.
D. Narasimhan, a plant taxonomist, Department of Botany,
Madras Christian College, Chennai, India. The voucher
specimen (MPH No. 170) was prepared and deposited at
Entomology Research Institute, Loyola College, Chennai,
India.
2.2. Extraction and isolation
Dried leaf powder (2 kg) of S. lineare was extracted with ethyl
acetate for 48 h at room temperature (Saxena and Yadav,
1983; Baskar et al., 2009). The extract was ﬁltered through a
Buchner Funnel with Whatman number 1 ﬁlter paper. The
ﬁltrate was evaporated to dryness under reduced pressure
using rotary evaporator. Crude ethyl acetate extract (30 g)
was separated by silica gel (500 g-acme’s 100–200 mesh) col-
umn chromatography, eluted with n-hexane–ethyl acetate
(30:70) and puriﬁed by formation of crystal.
2.3. Rearing of Spodoptera litura
Egg masses of Spodoptera litura were collected from the insec-
tary at Entomology Research Institute, Loyola College,
Chennai. The eggs were surface sterilized with 0.02% sodium
hypochlorite solution and allowed to hatch. The larvae were
reared on normal diet (castor leaf) in a controlled environmen-
tal chamber (27 C, 75% RH.). Second generation larvae was
used for subsequent experiments.
2.4. Insecticidal compound
The crystal was subjected to crystallographic analysis. The
X-ray data for crystal compound was recorded using Enraf
Nonius CAD4 X-ray diffractometer. The unit cell parameters
were determined by using 25 reﬂections collected through ran-
dom search routine with graphite monochromated Mo (Ka)
radiation and indexed by the method of short vectors followed
by least squares reﬁnement. The 3D-intensity data collections
were carried out and the structure was freshly solved after
usual corrections to the intensity data.
2.5. FT-IR and MS spectrum
Functional group of puriﬁed sub fraction was analyzed using
FT-IR spectroscopy (Perkin–Elmer Spectrum RX-I FT-IR
spectrometer in the range of 4000–400-cm). The subfraction
was dissolved with either chloroform or carbon tetrachloride
for IR spectra analysis. Spectra of solid fraction were analysed
by making transparent KBr pellets and liquid samples were re-
corded using Nujol mull (Fluka) on KBr windows. Electronimpact mass spectra were recorded on Joel-Dx303 mass
spectrometer.
2.6. Insecticidal and growth regulation activity
The experimental conditions and methods have been described
previously (Morimoto et al., 1999, 2002). Fresh castor leaves
were treated with different concentrations (0.625, 1.25, 2.5
and 5% of crude extracts and 25, 50, 75 and 100 ppm of crystal
compound) of crude extract or crystal compound, respectively.
Castor leaves treated with acetone and azadirachtin were con-
sidered as negative and positive controls, respectively. Petioles
of the castor leaves were tied with wet cotton plug (to avoid
early drying) and placed in round plastic trough (29 · 8 cm).
In each concentration 20 pre-starved (2-h) IV instar larvae of
S. litura were introduced individually and covered with muslin
cloth. The experiment was conducted at laboratory condition
(27 ± 2 C) with 14:10 light:dark photoperiod and 75 ± 5%
relative humidity (Baskar et al., 2009). Five replicates were
maintained for all concentrations and the numbers of dead
larvae were recorded after 24 h up to pupation. Percentage
of larval mortality was calculated and corrected by Abbott’s
formula (Abbott, 1925). Growth regulation activities of crystal
compound were studied at 70-ppm concentration against IV
instar larvae of S. litura. Acetone treated leaves were consid-
ered as negative control and the leaves treated with azadirach-
tin (70 ppm) (Collected from EID Parry’s, Chennai, India) was
considered as positive control (Avilla et al., 2000). After 24 h
feeding the larvae were transferred to normal castor leaves
for studying the developmental periods. For each concentra-
tion ﬁve replicates were maintained. During the developmental
period-deformed larvae, pupae, adults and successful adult
emergence were recorded.3. Results
The structure of the crystal compound was determined using
single crystal XRD. Random search routing from 25 reﬂection
indices of a mounted specimen of 0.3 · 0.2 · 0.2 cm size
showed single crystal. System was indexed with orthorhombic
unit cell with A= 8.494 (6) A˚, B= 15.346 (7) A˚, C= 15.625
(6) A˚, Volume = 2036.6 (18) A˚. Intensity data were collected
for one octane reciprocal sphere with miller indices 0 h 6 10,
0 h 6 18, 18 h 6 13. Total of 1850 reﬂections were collected
which formed the set unique data. Absorption erase was cor-
rected using w-scan technique. The inspections of data for sys-
tematic absences showed space group Pna 21. Data were
reduced for Laraentz and polarization correction (Wingx pack-
age), since the absorption correction showed minimum trans-
mission factor (0.95). This indicated that structure might not
contain any heavy atom. Since prior knowledge of structure
was not available, 19 A˚ volume per non-hydrogen atom was as-
sumed. The space group Pna21 had equivalent position. This
showed that the unit cell might have roughly 104 non-hydrogen
atoms and 26 atoms in asymmetric unit. With assumption of
26-carbon unit in asymmetric unit, a trial run for solving struc-
ture was attempted using the computer programme SIR92. The
positions of trial run had the position of non-hydrogen atom.
The structure was reﬁned for least squares with isotropic
thermal parameters using SHELX 97 programme. From bond
distance criterion the carbonyl position was conﬁrmed.
Figure 1 Ortep diagram of the insecticidal crystal compound
isolated from S. lineare leaves.
Table 1 Insecticidal activity of crude extracts of S. lineare
against fourth instars larvae of S. litura values are mean of ﬁve
replications.
Crude extracts Concentrations tested (%)
0.625 1.25 2.5 5
Hexane 2.41a 3.23a 2.80a 5.22ab
Diethyl ether 1.24a 1.63a 2.40a 3.67a
Dichloromethane 1.24a 1.63a 2.40a 6.67a
Ethyl acetate 13.83b 15.36b 18.45c 33.26d
Within the column similar alphabets are statistically not signiﬁcant
(P< 0.05 by LSD).
Table 2 Growth inhibitory effects of the crystal compound on
fourth instar larvae of S. litura.
Compound Deformity (%) (70 ppm concentration) Successful
adult
emergence
Larvae Pupae Adult
Crystal
compound
37.5b 28.0b 14.5a 20.0a
Azadirachtin 27.5bc 26.8b 21.8b 23.9a
Values are mean of ﬁve replications. Within the column similar
alphabets are statistically not signiﬁcant (P< 0.05 by LSD).
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COO). With these changes, the structure was reﬁned with
anisotropic thermal parameters for each non-hydrogen atoms.
A difference Fourier map taken at this stage revealed the posi-
tions of all hydrogen atoms. Positions of hydrogen atoms
helped in identifying phenyl group, CH2 groups and CH3
unambiguously. The reﬁnement was continued till maximum
shift/estimate conversed to zero. The ﬁnal R residual factors0
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Figure 2 Insecticidal activity of crystal compound tested at different
mean of ﬁve replications. Within the column similar alphabets are stawere, R f = 0.049 and wRI= 0.1054. The six-numbered ring
assumed boat conformation. The intermolecular distances
showed no C–H  O hydrogen bonds between molecules. The
intermolecular interaction was through Vander Waal contacts.
Based on the XRD crystallographic data the Ortep structure of
crystal molecule was generated (Fig. 1).
IR (cm1): 3400 (br) (O–H), 3050 (w) (aromatic) (C–H),
2979.9 & 2940.8 (aliphatic) (C–H), 1733.8 (C‚O) Mass (m/
z): 315 (m+CH3–C–O) base peak, 91 (C6H5CH2) or C7H
þ
7 .
The IUPAC name of the crystal molecule is 2,5-diacetoxy-2-
benzyl-4,4,6,6-tetramethyl-1,3-cyclohexanedione. The molecu-
lar formula is C21H26O6.
Data pertaining to the insecticidal activity clearly revealed
that maximum insecticidal activity (33%) was recorded in ethyl
acetate extract at 5% concentration compared to other solvent
extracts (Table 1). Based on this the crude ethyl acetate extract
was subjected to column chromatography for fractionation.
The fraction eluted with hexane and ethyl acetate (30:70) exhib-
ited promising insecticidal activity. It formed the crystal
compound. This was tested at different concentrations for
insecticidal activity against fourth instar larvae of S. litura.
Statistically signiﬁcant (P< 0.05; LSD; ANOVA) insecticidal
activity was recorded at 75 and 100 ppm compared to
Azadirachtin (Fig. 2). Further, the crystal compound was
tested for growth inhibitory effects at 70 ppm concentration.
It showed maximum deformities compared to Azadirachtin
(Table 2). Maximum larval (37.5%), pupal (28%) and adult
(14.5%) deformities and adult emergence (20%) were observed
in larvae treated with bioactive compound (Table 2). It is clear
that the insecticidal property present in the plant compound, it
may be arrested the various metabolic activities of the larvae
during the development.100ppm Control Azadirachtin 
(70ppm)
a
cd
e
concentrations against fourth instar larvae of S. litura. Values are
tistically not signiﬁcant (P< 0.05 by LSD).
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Screening of plant extracts for deleterious effects on insects is
one of the approaches used in the search for novel botanical
insecticides (Arnason et al., 1993). High larval mortality indi-
cates potential insecticidal properties present in the S. lineare
plant extract and the isolated crystal compound (Jeyasankar
et al., 2010). These compounds also deter or repel an insect
from feeding (Lajide et al., 1996). The larvae after feeding failed
to moult and ultimately died. Furthermore, this active com-
pound inhibited the growth and development of the larvae.
Similar compounds such as cyclohexadienone derivatives of
ethyl (1-hydroxy-4-oxocyclohexa-2,5-dien-1-yl) acetate and
methyl (1-hydroxy-4-oxocyclohexa-2,5-dien-1-yl) acetate were
reported to have growth inhibitory and insecticidal activity
against S. litura (Lajide et al., 1996). The insecticidal activity
and the crystal structure of the compound isolated from the
plant S. lineare are reported for the ﬁrst time. In conclusion,
a novel compound responsible for insecticidal and growth inhi-
bition activities was structurally identiﬁed and conﬁrmed using
various analytical data. This compound may be useful in the
development of novel botanical pesticide to control insect pests.
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